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Colistin, a polymyxin antimicrobial agent, was originally used in the 1960s, but due to nephrotoxicity rates moving toward half, it was abandoned as other "less toxic" antimicrobials became available.\[[@ref1]\] Colistin has recently reemerged as a last-line therapeutic agent for the treatment of multidrug-resistant pathogens including *Acinetobacter baumannii*, *Pseudomonas aeruginosa*, and carbapenem-resistant *Enterobacteriaceae*. Since its recent reemergence, data suggest that colistin is associated with a much lower rate of renal toxicity compared with historical reports. The majority of recent studies report toxicity rates of 10%--30%.\[[@ref2][@ref3][@ref4][@ref5]\] The mechanism of nephrotoxicity is through an increase in tubular epithelial cell membrane permeability, which results in cation, anion, and water influx leading to cell swelling and cell lysis. There are also some oxidative and inflammatory pathways that seem to be involved in colistin nephrotoxicity.\[[@ref6][@ref7]\] Risk factors of colistin nephrotoxicity can be categorized as dose and duration of colistin therapy, co-administration of other nephrotoxic drugs, and patient-related factors such as age, sex, hypoalbuminemia, hyperbilirubinemia, underlying disease, and severity of patient illness. This nephrotoxicity seems to be dose dependent and reversible.\[[@ref8][@ref9]\]

Drug-induced nephrotoxicity is increasingly recognized as a significant contributor -- at least 20% to kidney disease including acute kidney injury (AKI). Standard definitions of drug-induced kidney disease are lacking, leading to challenges in recognition and reporting.\[[@ref10]\] Evaluation of nephrotoxicity through blood tests includes the measurements of blood urea nitrogen (BUN), concentration of serum creatinine (SCr), glomerular filtration rate (GFR), and creatinine clearance (CrCl). However, these assessments of nephrotoxicity are only possible when a majority of kidney function is damaged.\[[@ref11][@ref12]\]

The use of the SCr level for estimation of the GFR has some limitations, such as dependence on sex, age, nutrition, and body mass. In studies on colistin nephrotoxicity, SCr and RIFLE criteria are usually used for detection of nephrotoxicity.\[[@ref13][@ref14]\] Cystatin C (Cys C) is a cysteine protease inhibitor that is synthesized by all nucleated cells and freely filtered by the glomerulus, metabolized in proximal tubules, and not secreted. The levels of Cys C are not affected by renal conditions, increased protein catabolism, or dietetic factors. Moreover, it does not change with age or muscle mass like creatinine does. However, few studies demonstrate that older age is independently associated with higher serum Cys C levels after adjusting for CrCl.\[[@ref15]\]

In the Ghlissi *et al*.\[[@ref16]\] study, in an animal model of colistin nephrotoxicity, evaluation of change of plasma Cys C, along with urinary neutrophil gelatinase-associated lipocalin (NGAL), g-glutamyltransferase, lactate dehydrogenase, alkaline phosphatase, and aspartate and alanine aminotransferase for monitoring of colistin nephrotoxicity, was carried out and the results were compared with histopathological assessment. The results of the study showed that plasma Cys C is more accurate than plasma creatinine and urinary NGAL is the most sensitive biomarker for detection of colistin nephrotoxicity. The most sensitive biomarker for the detection of colistin-associated nephrotoxicity is not introduced.

The purpose of this study was to evaluate the clinical application of serum Cys C in comparison with SCr in patients receiving colistin to determine, which of them is a better biomarker for detection of colistin-induced AKI.
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This was a prospective observational study conducted in the medical wards of "Alzahra" Teaching Hospital Affiliated to Isfahan University of Medical Sciences (IUMS) from March 2016 to November 2016. The Ethics Committee of IUMS approved the study (Project number: P23/14/653). Informed consent was obtained from patients or next of kin or appropriate surrogate before participation in the study.

All adult inpatients initiating treatment with colistin for at least 1 week in the medical wards were considered potentially eligible. Exclusion criteria included preexisting renal insufficiency, use of nephrotoxic drugs before or during the study period, colistin use for \<5 days, and receiving of antioxidants such as Vitamin E and N-acetylcysteine which could disrupt the results.

At days 0 and 5 of colistin treatment, serum Cys C as well as creatinine levels were measured. SCr level was determined by an Auto-analyzer (Biotechnica BT-3000, Italy) based on the modified Jaffe colorimetric reaction. Serum Cys C level was measured by the turbidimetric method (Gentian, Moss, Norway). GFR was estimated using the CKD-EPI equations for CrCl and for Cys C-based GFR.\[[@ref17]\]

We collected data on patient demographics, date of admission, indication for colistin use, interval and dose of colistin, comorbid conditions, and the use of other potentially nephrotoxic drugs and the culture results.

Colistin was prescribed with an average dose of 360 mg, equivalent to 4.5 million units two times a day for eligible patients.

The primary outcome for this study was the occurrence of colistin-induced AKI, which was defined as AKIN criteria for AKI\[[@ref18]\] or as a rise in concentration of Cys C by more than 10% from baseline of this marker.\[[@ref19]\] We also evaluated the sensitivity, specificity, positive and negative predictive values, and accuracy of the Cys C level for the detection of colistin-induced nephrotoxicity.

Data were analyzed using SPSS software, version 20.0 (SPSS, Chicago, USA). Continuous variables were compared between groups using Mann--Whitney or *t*-tests, as appropriate. Categorical variables were compared using Chi-square or Fisher\'s exact tests. Agreement level between SCr and Cys C-AKI definitions was assessed using Cohen\'s kappa (agreement: \<0.4, poor; 0.4--0.75, fair to good; \>0.75, excellent). In all analyses, we considered the significance level of \<0.05.
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A total of 32 patients (20 males, 12 females) were enrolled in the study. The mean age of the patients was 49.22 ± 20 years (range: 19--86 years). Ventilator-associated pneumonia was the most common diagnosis at colistin initiation (*n* = 21, 56.6%). *A. baumannii* (*n* = 23, 71.9%) and *Klebsiella pneumoniae* (*n* = 7, 21.9%) were the most common isolated organisms. All of them were sensitive to colistin. The mean duration of treatment with colistin was 19.3 ± 17.6 days.

[Table 1](#T1){ref-type="table"} shows the changes in serum concentrations of creatinine and Cys C at the study time points (days 0 and 5). Colistin-induced nephrotoxicity (defined as SCr ≥0.3 mg/dl) occurred in 6 patients (18.8%). A Cys C increase concentration ≥10% after 5 days of colistin treatment was detected in 15 patients (46.9%). There was poor agreement (Kappa = 0.28, *P* = 0.04) between the presence and absence of any SCr-AKI and Cys C-AKI.

###### 

Changes in serum creatinine and serum cystatin C and the glomerular filtration rate values at the study time points
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Cyst C-based GFR reflects a decline in GFR following colistin administration in a much better way compared to creatinine-based GFR. [Table 1](#T1){ref-type="table"} presents the mean of serum concentrations and calculated GFR of creatinine and Cys C in patients with colistin-induced nephrotoxicity. The agreement between the GFR based on the SCr and Cys C CKD-EPI formula was poor and was not statistically significant (κ = 0.16, *P* = 0.18).

Based on the CrCl at day 0, no one had nephrotoxicity, but the Cys C-based equation predicts that 16 patients (50%) had renal impairment (GFR \<60 ml/min). At day 5 of study, the rate of nephrotoxicity was 5 (15.6%) and 20 (62.5%) according to creatinine-based GFR and Cys C-based GFR which was statistically significant (*P* \< 0.001).
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Drug-induced nephrotoxicity is closely associated with acute renal damage as well as with chronic kidney diseases. However, traditional nephrotoxicity assays such as measurement of the concentration of SCr or BUN do not have the sensitivity and selectivity required to determine nephrotoxicity before the severe progression of renal damage. Because traditional standard markers such as SCr have low sensitivity and specificity, the timing of the diagnosis and treatment are often delayed. Recently, the serum concentration of Cys C was introduced as an ideal endogenous marker of GFR, and the utility of Cys C for estimating GFR and its diagnostic accuracy have been confirmed in several studies.\[[@ref20][@ref21][@ref22][@ref23][@ref24]\] Therefore, we evaluated the utility of serum Cys C to more sensitively detect nephrotoxicity of polymyxin analogs.

Ghlissi *et al*.\[[@ref16]\] showed that plasma Cys C is more accurate than plasma creatinine and urinary NGAL is the most sensitive biomarker for detection of colistin nephrotoxicity. In another study by Keirstead *et al*.,\[[@ref25]\] using an animal model, the accuracy of some urinary biomarkers for the detection of AKI in polymyxin-induced nephrotoxicity was evaluated. In this study, kidney injury molecule-1 and α-glutathione S-transferase were the most sensitive biomarkers for prediction of polymyxin-induced nephrotoxicity. There are no additional studies about new biomarkers of kidney injury in colistin nephrotoxicity; SCr and RIFLE criteria are almost always used for the detection of colistin nephrotoxicity.

Several reports have been published regarding the utility of Cys C in pharmacotherapy with drugs affected by renal excretion. Stabuc *et al*.\[[@ref26]\] found the serum concentration of Cys C to be a superior marker to that of creatinine for the detection of decreased CrCl and potentially for the estimation of GFR in cancer patients. Furthermore, Hoppe *et al*.\[[@ref27]\] reported that Cys C was a better marker of the elimination of topotecan than the serum concentration of creatinine, while O\'Riordan *et al*.\[[@ref28]\] showed that the serum concentration of Cys C was no better than SCr for predicting digoxin clearance. Although the utility of Cys C in pharmacotherapy has not been well established, we have found that Cys C is a better marker of colistin nephrotoxicity than is SCr. Further study with a larger population is needed to establish the credibility of our finding since this study involved only a small number of samples.

The high sensitivity and specificity of Cys C as well as its independence of other factors appear to make Cys C equivalent to CrCl for early renal failure detection. Moreover, because of many errors in outpatient\'s measurement of CrCl, the use of Cys C may be the more appropriate method for reduced GFR estimation than CrCl.

Cys C is produced at a constant rate by all nucleated cells and its concentration is not influenced by age, sex, height, and body composition. Accordingly, Cys C concentration reflects only the balance of its primary physiological determinants: cellular generation, renal filtration, and subsequent renal degradation.\[[@ref13]\] An increased Cys C concentration identifies early deviations in GFR and, subsequently, a "preclinical" state of kidney dysfunction that is not detected with SCr or GFR.\[[@ref29]\]

In conclusion, the present study suggests that serum Cys C is more useful for predicting colistin nephrotoxicity than is SCr. If supported with further studies, serum concentration of Cys C and calculated GFR might be used to provide more accurate and earlier knowledge about renal dysfunction induced by colistin and to take appropriate preventive measures.
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